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SUMMARY
Fragile X (FXS) and Turner (TS) syndromes are X-
chromosome-associated disorders. Herein, we report the 
case of a girl in middle childhood with bicuspid aortic 
valve in infancy, growth failure, global developmental 
delay (GDD), visual problems, and coexisting attention-
deficit/hyperactivity and anxiety disorders. A high-
resolution karyotype in 20 cells revealed 46,X,Idic(X)
(p11.21)[19]/45,X[1], suggestive of variant TS. Given 
her atypical phenotype, subsequent DNA testing was 
performed. Four FMR1 cytosine-guanine-guanine repeats 
(30, 410, 580 and 800) were identified, confirming the 
additional FXS diagnosis. This case study highlights the 
importance of additional genetic testing in individuals 
with atypical variant TS, such as unexplained GDD 
and distinct facial characteristics. The additional FXS 
diagnosis prompted new therapeutic development for 
the patient to advance precision healthcare.

BACKGROUND
Fragile X syndrome (FXS; [MIM: #300 624]) is 
the most common monogenic disorder that causes 
intellectual disability (ID) and autism spectrum 
disorder (ASD). Its overall prevalence is estimated 
at 1 in 7143 males and 1 in 11 111 females.1 In 
people with ASD, FXS prevalence is approximately 
1%–3%.2 The fragile X mental retardation 1 
(FMR1) gene located at Xq27.3 is hypermethylated 
and silenced when the cytosine-guanine-guanine 
(CGG) repeat exceeds 200 in the promotor region, 
leading to deficiency of fragile X mental retarda-
tion 1 protein (FMRP). FXS phenotypic hallmarks 
include an elongated face, prominent ears and 
macro-orchidism, which begins during puberty in 
males.3 The majority of patients with FXS have ID, 
ASD, language deficits, attention-deficit/hyperac-
tivity disorder (ADHD) and anxiety.3 DNA testing 
for FXS is recommended in all children with 
global developmental delay (GDD), ID or ASD of 
unknown causes.4

Turner syndrome (TS), caused by a partial or 
complete loss of an X chromosome, generally 
occurs at 1 in 2000 females.5 6 Females with TS 
often present with 45 XO (or mosaicism), isochro-
mosome or ring X chromosome.6 Classic TS 
features include growth failure, congenital heart 
defects, webbed and short neck, and hypergonad-
otropic hypogonadism.6 7 TS phenotypes depend 
on the deleted X chromosome regions, such as 
isochromosome Xq and isodicentric Xp, which 
are mostly caused by sporadic exchange between 
sister chromatids during meiotic phase,8 9 leading 

to PAR1 haploinsufficiency, skeletal abnormalities 
and growth failure.10 11 Postnatal karyotype, which 
detects almost all TS variants,10 is a reasonable test 
for females with suspected TS presentation.4

FXS and TS are derived from X chromosome 
abnormalities. FMR1 full mutation on the X chro-
mosome, particularly in maternal-derived cells, is 
rarely associated with the loss of X chromosome 
loss during mitotic phases that causes mosaic TS.12 
To date, only one FXS case with isodicentric Xp 
in a 19-year-old woman exists.13 This patient 
presented with GDD, ADHD, anxiety, sensory 
hyper-responsiveness and FXS facial characteristics, 
and had recurrent otitis media infections and stra-
bismus. Her physical growth and pubertal devel-
opment were normal except for mesomelic limb 
shortness, bilateral Madelung deformity, and short-
ness of radial, ulnar, fourth and fifth metacarpal 
bones. Her genotype was 46,fra(X)(q27.3),idic(X)
(p21.3)[81]/45,fra(X)(q27.3)[5]. Here, we present 
a second FXS case with isodicentric Xp.

CASE PRESENTATION
A girl in middle childhood was born full-term to 
a woman in her 20s (G3P2) via caesarean section 
with 14.5th percentile birth weight (2770 g), 
26.8th percentile length (48 cm) and 15.9th percen-
tile head circumference (32.7 cm). Pregnancy was 
significant for intrauterine growth retardation and 
abnormal fetal echocardiogram findings. Trivial 
patent ductus arteriosus and bicuspid aortic valve 
were confirmed at birth. She had Marcus-Gunn 
jaw winking phenomenon, hyperopia with astig-
matism, high-arched palate with submucous cleft 
and an umbilical hernia. She was hospitalised for 
a week with episodes of hypoglycaemia and jaun-
dice, which resolved with glucose infusions and 
phototherapy.

Her growth failure manifested with swallowing 
difficulty, requiring nasogastric feeding during the 
first year of life. Recurrent otitis media and sinus 
infections were persistent during the first 5 years of 
life. Thyroid function and hearing test results were 
normal. Renal ultrasound showed a duplicated right 
intrarenal collecting system with normal ureter and 
kidney function.

A review of developmental milestones showed 
delayed skill acquisition in all domains. The patient 
was able to sit, crawl, and walk at 10 months, 18 
months, and 2 years and 8 months, respectively. 
She started speaking at 3 years 7 months and began 
saying three-word phrases at 4 years. Sensory issues 
were reported, including hyper-responsiveness to 
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lights, loud noises, crowded areas and preference to specific 
textures.

During physical examination, the patient had good eye contact 
and reciprocal conversation. However, her speech was delayed 
with frequent tongue protrusion. She was mildly anxious and 
hyperactive. She had a 5.8th percentile weight (17.6 kg), 12.9th 
percentile height (113 cm), 50th percentile head circumference 
(51 cm), blood pressure of 95/65 mm Hg and pulse rate of 116 
beats/min. She had a long face with dolichocephaly, broad fore-
head, down-slanting palpebral fissures with mild left exotropia, 
prominent cupping ears, and mild prominent front teeth. Her 
finger joints were hyperextensible with moderate pronation of 
both feet and pes planus. No scoliosis was found. Her skin was 
very soft. Her neurological examination was intact.

A three-generation pedigree was reviewed. Her siblings were 
typically developing children without a fragile X mutation. Her 
mother has a premutation allele of 90 CGG repeats on the FMR1 
gene.

INVESTIGATIONS
High-resolution karyotyping (575 GTG-banding, band resolu-
tion) revealed 46,X,Idic(X)(p11.21)[19]/45,X[1] (figure 1A,B). 
This result was confirmed on expanded fluorescence in situ 
hybridisation using X centromere probes, demonstrating a two-
cell-line mosaicism. The first cell line showed three centromeres, 
consistent with one normal and one isodicentric X chromo-
some in 95% of the cells (210 of 220), while the remaining cells 
showed a monosomy X pattern. No evidence of the SRY gene 
was found.

Further, a chromosome microarray revealed a copy number 
loss of all probes in the Xp22.33p11.22 and a gain of the 

Xp11.22q28 (figure 1B). In early childhood, PCR and Southern 
blot analysis, the gold standard assays for FXS, were conducted 
since her ID was inconsistent with variant TS alone. Four FMR1 
alleles of 30, 410, 580 and 800 CGG repeats were identified 
(figure 1C).

Her FMRP expression in lymphocytes was 0.07±0.02 (rela-
tive to 1, the normalised CGG repeats in controls). This very 
low expression is typical for males in the full mutation range.14 
FMRP expression in females varies by the activation ratio (AR). 
Interestingly, a very skewed AR was observed in this case where 
the normal allele appears mostly methylated (figure 1C); thus, 
it was not transcriptionally or translationally active. This could 
explain the very low levels of FMR1 mRNA, (0.08±0.03 relative 
to normal controls) and FMRP.

TREATMENT
The patient attended a kindergarten-level inclusion programme 
while receiving comprehensive interventions. However, her 
cognitive performance was not measured due to interfering 
behavioural issues, including anxiety, hyperactivity and impul-
sivity. Previous medications, including fluoxetine, dexmethyl-
phenidate hydrochloride, sertraline and guanfacine, showed 
minimal improvement and were discontinued. She was taking 
cannabidiol for her anxiety and aripiprazole, and has recently 
started metformin, a targeted FXS treatment,15 which shows a 
positive improvement in her pretend play.

OUTCOME AND FOLLOW-UP
Because of COVID-19 and travel distance to our clinic, in-person 
follow-up was not possible. Phone follow-up after 1 year revealed 

Figure 1  (A) Karyotype showing 46,X,Idic(X)(p11.21) in 95% of cells. (B) Summarised genetic findings.20 (C) Southern blot analysis of genomic 
DNA isolated from normal control female (C1), from a full-mutation male positive control (C2) and from the proband (1). The proband shows three 
methylated full-mutation bands of approximately 410, 580, 800 CGG repeats and a normal allele of 30 CGG repeats, sized by PCR, which appears 
completely methylated, likely due to a skewed X inactivation. The DNA marker, 1 kb ladder, is shown in M1. Normal unmethylated (2.8 kb) and 
methylated (5.2 kb) bands in a female are shown on the left. CGG, cytosine-guanine-guanine.
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that metformin, gradually increased to 500 mg two times per day, 
was well tolerated. Her mother initially observed behavioural 
improvement. While aripiprazole, 2 mg two times per day, has 
also been well tolerated, fluoxetine, 10 mg a day, increased her 
aggression and was halved.

DISCUSSION
This is the second case of FXS combined with isodicentric X 
chromosome causing a variant of TS with atypical features, 
which could not be explained by either TS or FXS alone. This 
patient had a bicuspid aortic valve and growth failure, which 
is uncommon in females with FXS but typical of TS.16 The 
patient in our study did not have typical skeletal anomalies in 
TS, although such anomalies are frequently found in TS with 
small Xp deletion.17 She had more severe cognitive deficits than 
other children with TS; although 10% of individuals with TS 
have ID, it is mostly found in those with a ring chromosome and 
a marker chromosome.10 Her distinct long face, prominent ears 
and sensory processing problems are more common in FXS.3 16 
Her cognitive deficits and clinical features could be explained by 
the combination of variant TS and FXS with low FMRP expres-
sion.14 18 19

Recognising that her daughter’s problems were more severe 
than just TS, the patient’s mother requested additional genetic 
testing that led to the diagnosis of FXS. Unfortunately, parents, 
rather than professional figures, are still too frequently the ones 
to recognise when a previous diagnosis is inadequate. This diag-
nosis is important for both the patient and their family members 
with the premutation because health problems can occur, partic-
ularly in older carriers, including those with fragile X-associated 
tremor ataxia syndrome, fragile X-associated primary ovarian 
insufficiency and fragile X-associated neuropsychiatric disor-
ders.3 Additionally, FXS diagnosis in our patient offered novel 
therapeutic options, such as metformin, which downregulates 
the mammalian target of rapamycin pathway that is upregulated 
in FXS.15

This case highlights the importance of a comprehensive eval-
uation in children with developmental delay. Additional genetic 
testing should be implemented on presentation of atypical clin-
ical features, unexplained by a single genetic disorder. This is of 
crucial value to advance precision healthcare with new targeted 
treatments and identify heritable risk with potential for recur-
rence risk in the family.

Learning points

	► The rare co-occurrence of fragile X syndrome (FXS) and Turner 
syndrome should be considered in light of suspected clinical 
presentation.

	► Accurate diagnosis is necessary for both syndromes, which 
require specific care.

	► Besides karyotyping and chromosome microarray, DNA 
testing for FXS is recommended in children with global 
developmental delay, intellectual disability or autism 
spectrum disorder of unknown causes.
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